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On 19, 20, and 21 March, 1964, an Irr igation and Drainage Research Confe rence 
was he l d in L ogan, Utah to "deli. eate and stimulate high quality research needed in 
sel ected s ubject areas in order to advance the status of knowledge, and thereby improve 
the quali ty of engineering in the p lanning, design, operation, and maintenance of irri-
gation and drai nage systems. 11 The conference was one of the activities of the R esearch 
C ommittee of the Irrigation and Drainage Division in coordination with the Executive 
Committee of the Irrigation and Drainage Division of the ASCE. The conference was an 
outgrowth of a survey which had been c onducted earlier, designed to elicit information 
from the profession on the status of current research and future research needed in the 
gen ral field of irrigation and drainage. The results of this survey showed clearly that 
there er si.x major areas needing expanded research programs. They are as follows : 
1. E vap ration from wate r and soil 
2. Sa .ini y and alkali problems. 
3. S ab l e channels 
4. Small, low-cost hydraurc structures for conveyance and distribution systems 
5. W e ther modification 
6 . Ground-water management 
The confe r e n ce consisted of spe cial speakers having national reputations in the 
fields closely rei.ated to irrigaUon and drai nage together with panels for each of the 
~ s ix s bje ct areas- -the membe ship being selected from throughout the United States 
a n d the wor l d jn order to hav e on e ach panel those individuals who are best informed on 
eac h parti cular subject. 
A r port is in preparation giving the detailed info rmation from each of the panels. 
This p a.per 1s a summary of the report. 
The results of the conference showed clearly that there is a considerable need for 
researc h on specific technical subjects--but there is also considerable need for ex-
panding public relations acti vities, instrumentation development centers, and comput-
ing centers . There is also a cleaf indication that additional c onferences and 
committees need to be developed. 
* P r sente d to the "Third T echnical Co e r e n ce on Irrigation, Drainage, and 
F l ood Control, 11 a Joint Meeting of the US-ICID, the Irrigation and Drainage 
D1vjsi on of the ASCE, and the El P aso B ranch - Texas Section of the ASCE, 
E l P a so, Texas, 3 De cember 1964. 
** P rofe ssor of Civil Engineering, Colorado Stat University, Fort Collins , 
Colorado . Member and past chai rman, Research Committee of Irrigation 
Divis10n· of ASCE. C...ER b5;}1LA36 
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Introduction 
This paper is a report on a res e arch conference held in Logan, Utah on 19, 20 , 
and 21 Marc h , 1964. The conferen ce was the outgrowth of several years of activity 
and pf forts on the part of the ASCE Irrigation and Dr ainage R esearc h Comm1 ttee, the 
ASCE Irrigation and Drainage Executive Committee , the ASCE Research Committee , 
staff offi c(' rs of ASCE Headq uarters , and many other individuals and groups . The 
purpose o f the conference was to 11 delineate and stimulate high quality research nee ded 
in se1ectr>d subject areas in order to advance the status of knowledge, and thereby 
improve the quality of engineering in the planning, design, operation, and maintenance 
of irl'iga tion and dra1nage systems. 11 
This conference was one of the steps taken by the Irrigation and Drainage Division 
Exerutivc Committ PP together with the Irrigation and Dr·ainage R esear c h Committee 
in dischnrging 1ts responsibilities . The purpose of the Irrigation and Drai.nage Divi-
sion of ASCE is 11 t o promote advancement i n thought a nd practice rn the field , to 
clarify fun dame nt al pdnciples , to disseminate knowledge of current practi ce and the 
results obtaine d therefrom . . . ". The R esearch Committee of the Irrigation and Drain-
age Div1sion has thP more specific purpose "to initi a te , organize, sponsor , and 
coordinate res e8r,h in the field of irrigation and drainage . .. '' . 
When the R esearc h Comm1ttee of th0 Irri gatio n and Dra rnage Division was esta b -
lished in 1956 , it es tablJShe d as its specific respons1b1ht1 es t he fo11owing: 
l. He lp to d velop re cognitJOn of the value of research among those in the eivH 
e ngineering prof ess1 on - -particularly those directly or 1 nd1reclly assoc1 ate d with 
irrigatfon and drainage . 
2 . Id entify and defin e subjec t areas of n P.ede d research rn irngaUon and drainage . 
3. StimulatP and assist the initiation , the condu ct, and th e reporting of research 
in irri gation and drainage . 
With these responsibilities in mind, the Committee deve lope d, circulated, ana -
lyzed and reported the results of the 1958 survey questionnaire designed to elicit informa-
tion from the profession on the status of current research and future research needed 
in the general fi e1 d of irrigation and drainage . The results of this survey were reported 
for m ally by a series of papers at the ASCE Cl Pve land convention of 4-8 May 1959 . 
The information obtained from this q1ws ti onnai re was b oth specific and general- -
but the specific information was spotty and r ath0 r inromplete in its scope. This infor-
mation was most helpful , however . in giving the Committee the viewpoint held b y the 
variou s researchers , plann e rs , and dps jgners jn the f1eld o f 1rrigation and dra1nage 
with respect to the general research needs . 
The limite d spe c1fic information obtained demonstrated c learly that more inten-
sive, detail d study n ee de d to b e given to certain subjects b y a group of experts . For 
thi s reason, the Committee de cided in July 1962 to initiate a nd deve lop a Specialty Con-
fe r ence on R esearch . Th: s confe rence would assemble a selected and limite d group of 
, 
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experts to discuss in detail certain of the topics indicated by the results of the ques-
tionnaire to be of greatest importance. The Conference at Logan, Utah on the campus 
of Utah State University in March, 1964 was the result of this decision . This conference 
is also one of the types of activiti e s recommended b y the 1962 ASCE R esearch Confer-
ence for technical divisions to develop in their various specialty areas . The Irrigation 
and Drainage R esearch Committee will use the results of the conference to take what-
ever further steps are needed and feasible to stimulate , i nitiate, conduct and report on 
research recommendations made at the conference . 
In designing the conference, the Committee had the b enefit of the experience of 
the Gordon -type engineering research conferences which have been sponsored by the 
Engineerrng Foundation, and the symposium on civil engineering research related to 
water resources which was held on the campus of C olorado State University in F ort 
Collins in June , 19 61. The primary similarities of the Logan C onfer ence to thes e pre -
vious conferences were that a limited number of experts in a given field w ere assembled 
to d1 scuss a rather specific subject in considerabl e detai l without dist ractrng influences 
for a period of several days. Furthermore, there was no feeling of obligation on the 
part of the panelists to produce something in writi ng themselves. Spontaneous , fr e sh, 
and unrehears e d ideas were considered to be the m ost desirable and the most valuable 
Only the c hairman and repo r ter of each pane l had responsibi.lity to produce writte n 
material . 
For this conference , the most knowledgeable spea kers and panelists avaUab1e in 
the n ation were asse mbled together with several experts from other cou ntnPs . ln a 
sense , this conference was an experiment for ASCE to d e term ine whether this t ype of 
invitational conference . with only a limite d attendanc e. was of suffi cient va Jue t o 
warrant futurP conferences of a simi lar nature. The results of the conferen c e wP r e 
most gra tifying b ecause of b oth the enthusiasti c response of the participants 3.nd the 
great valu c> of the materia l and information producPd by t he confe r ence . 
Approximately 125 persons attended the confere nce . Parti ci pating on the confer-
ence panels were 24 representatives from federal, state an d regional government 
offices ; 29 representatives from e ducational ins titutions and associated research 
laboratories ; 8 representatives from consulting engrneenng firms and industry, and 
2 attorneys . Fur!h.E;rmore , the participants were from all parts of the United States , 
l was from Canada and l from England . Others attending the confer ence were m e mbers 
of the program and arrangements commit tee _. g1wsts . speakers , and obs e rvE>rs . 
Although observe rs were not encourag('d to attend the pa ne l sessions . they were encour-
aged to attend the general sessions of th0 t'onfer·cnc c' anrl to attPnd the panel sessions 
provided they rem ajned on l y as nbsf'rver·s a nd did nnt intPde re with the panel djscussions . 
The P anels 
The results of the 1958 su rvey showed rather clearly that there were six major 
subj ect areas of primary i nterest and concern for future research. These are as follows : 
J. Evaporation from water and soil. 
2. Sahni ty a nd alkali problems . 
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3. Stable channels 
4 . Small, low-cost hydraulic structures for con •eyan ce and distribution systems . 
5 . Weather modification. 
6. Ground-water managemen t. 
E ach of the panels were instructed lo consider the fo]lo ing ques tions in regard 
to its particular topic. 
1. Why is the se lected subject important ? 
2. Where do we stand in this field at pre sent? 
3. Where are the deficiencies rn know]edge and prac tice ? 
4 . W~at dire ction does r esearc h need to take on this sub ject i.n the future i.n 
o rde r to advance most signifi c an t] y the sta tu s of kno le dge an d pra c ti e ? 
Furthermore, each panel m ember was aske d J n a dvance to elim i nate as m uch a s 
possible all pre judice and bi.as so as to stjm Jat e a nd p ermit a free and unh1bited flo 
and exchange of ideas among the pane h sts . Outli r e s on a suggested s c ope of dis cus -
sion were prepared and distributed by each panel c hairm an pri or to the c onfere n c e . 
These outlines w e re not intended to be ngid rn any s ense , but rather simply to stim -
late thinking and creative and i.magi na ive ~ d a s fo r researc h st- dy u s ing . e a n d 
unconventional lines of approach . Thi; pane1s were p rpo s ely kept smal} i 1 s ~.ze - -
10 to 15 as a maximum- -to p romote free d1s r <1 ss ion , a nd panel m e mbers ere chosen 
with the goal of having eac h m ember represen t] ng a s lJ ght]y different point of vi <; 
on the subj ect matte r being conside r ed . 
The Special Speakers 
In order to complement the work of the panels , s everal pr rnc1pal add·cess es were 
given throughout the conference . The rn di vi.dua1s sele c ted ere n ation ally kno n for 
their work in planning and researc h rel ated to i rngation a nd drainage, and their 
address es were intended to give the panelists a b roader base and outlook from whi ch to 
work. 
At the opening session of the m ee ting, F loyd E . Dominy, Commissioner of Re c lame 
tion, spoke on 11 The Overall Importance of I r ri gation and Drainage, both Nationally and 
Internati onally . " He pointed out tha ' "increa sed efficiency rn water use presents great 
challenges to us because it involves rnter- relatJOnsh1ps of people , economic s and social 
attitudes, planning and operating, phys1cal feat ur e s , a nd other c omplex fa tors . 11 
T . W . Edminster, Associate Direr:tor , Agncu1tura1 R e search Service, spoke on, ''The 
Need for N ew and Creative R esearch in Tr· ngation and D r ,nnage . 11 H e stressed the need 
for creativity in research, rather than ad hermg to th E' 11 a pp lJe d classical approaches . 11 
Geo rge D . Clyde, Governor of Utah .. and a F ellow o f' the ASCE , spoke at the eveni ng 
banquet on "Half a Century of R esea rch in the F1 eJ d of Irngahon and Drainage . 11 
William C . A c kermann, Office of Scienc e a nd T echnology, Executive Offic e of the P resi 
dent, discuss e d the "Need fo r Cooperative Effo r t and CoordinaUon in the Wate r R esearc 
Field . " The panelists were asked to consider the broa d i deas which they obtaine d from 
these more general address es . 
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General R ecommendations 
A number of important recommendations of a gene· al, non-te c hnical nature 
resulte d from the deliberations f he panelists, the papers presented by the s peakers , 
and othe r discussions held in c nnection with the conference. The s e r ecommendations 
are associated with res earch and ::: an help to estab ish a better clim ate fo r research 
or make the results of research mere effechve and useful. They are as follow s: 
1. F urther specialized conferences and workshops should be h e ld on s ubj ects 
of limited s c ope wi h relative y small groups of the nati on's m ost c omp e tent 
i ndividuals . Specific programs need to be formulated and follow - up m e e tings 
and c onfe r enc es need t o be he ld . 
2 . A seri es of task forces need t1 be established t:) : 
a . Develop standard tPrmrnoJogy . 
b . Study a nd make re r ommendahons on std ,dard specifications and 
criteria for design and 0pPration . 
c. Delinea te and recommend specHir:: subje c ts o r area.s nee din g research 
to improve design and 0µerat. :: on. 
3. Various procedures and pr ogra ms need to be estab]JShed for brin gin g the 
p r a cticing engineer up t da 8 on ne deve]opmerits . This can be a ccomplished 
b y s uch proce dures as the fo1 lown::g: 
a . Emphas i z ing the p ;b hc::i. 10n of ·nformat-JC>n }n the Division Journal s which 
w ould be helpful spec1 f1 cd.lly t the pr act .- cing eng:i. eer. 
b . B ecause there is such a large delay from the time in fo r m ation i s 
developed to the t ime it can be disseminated and adopte d b y the p r ofe ssion, 
some means needs to be developed for gettmg n _ information t o t he practic-
ing engineer more quickly. This would be m a erial]y ai d e d by e stablishing 
continuing education activitj es s uch as a systP.m of visiting lectu reships for 
experts to give lectures to groups a nd organ1zc:Jtions of e n gineers who are in 
engineering practi c ,. 
4 . A publication of S mma ri Ps of C1Jrrent R Psearrh i n progress n e e ds to be 
developed to he lp keep the prof Pss10n informPd F r( m this inform ation the engi-
ne e r doing planning, design , l'r rPSPart·h ca n le .H r. mo re quickly the results of 
th e w ork of others , inr orporatP thPs e resuHs a 1d bw]d on the m i n his own work. 
This could be a special a nn ual e dlt iOl J of a publl cat10n such a s the ASCE Irri ga -
tion and Drai nage Divi s ion Journa1. 
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5. Programs and procedures need to be developed in public information so that 
the public will have a bette r understanding and a greater appreciation for the 
works of the engineer . A be tter informed public c n be helpful in increasing the 
effectiveness of engineering activi ties. An exampl e of a specific area in which 
public informabon is especially needed is Weather Modification. 
6. Research i s needed for development of new instruments and problem-solving 
techniques . E xamp es i nc]ude new uses of digita] and analog computers. 
7. Instrumentation centers , data processing centers , and advisory services 
need to be developed and established in variou s places so that they are readily 
available to those needing such services. 
8 . Programs and techniques nee d to b e develope.d for c loser liaison and 
cooperati on with indjvidual s and groups in all disc1pli es who are concerned 
with irrigation and drainage . Su ch cooperation should be developed through the 
professional organizations representing these dis cipbnes. 
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Specific Recomin'eh-dations 
The following specific recommendations have bee n extracte d and condensed from each 
of the panel reports : 
P anel No. 1 - Evaporation from Water and Soil Surfaces 
A . Improvements in methods of measuring evaporati on and evapotranspiration are 
needed. 
B. Research is needed t o make i mp r ove d efficiency of water use possible through 
instrumentation and techniques for monitoring soil moisture in cultivate d fields 
and using that knowledge in farm and project water management . 
C .. The relationships among plant growth and development, water use , and acces -
s ibility to water require intensive study. 
D. More study of the the ory• of evapo r ation from soil under unste ady sta te c ondi -
tions is needed. The theory should be tested under a v ariety of field and labora ·-
tory conditions . 
E. For suppressing ev aporation from fre e-w ater surfaces better m ethods of 
applying and maintaining a film a re needed. There is a nee d for substance s 
which when crumpled by the wind will reform into an effective film and which 
will resist biological and physic al attrition. 
F . Better methods ar e needed to evaluate the effectiveness of evapo ra i on · 
suppression techniques . 
G . Studies are needed to learn if it i s practicabl e to modify (either increase or 
decre as e ) the albedo of a water surface for both long-wave ands h ort-·wave ra -
diation. 
H. Improvements in high-speed sensing and recording equipment a re needed t o 
permit fiel d m~asurement of heat and water -vapo r flux, both at a point and inte -
grated along a line. 
I. Using data provided by the above mentioned equ:.pment, i nvestigations of the 
diffusivities of heat, water v apo r, a nd momentum s hould be made both in the 
laboratory and in the field to determi ne the relations hips among them with 
s table , unstable and adiabatic laps e rates. 
J. The U . S . Weather Bureau should be encouraged to add observations of 
long-wa v e radiation (atmospheric radiation) to its present solar radiation 
(s hart - wave) network. 
K . A better understanding must be developed of the processes of soil physics 
and plant physiology related to water loss es. 
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Panel No. 2 - Salinity and Alkali Problems 
A. Criteria for Adequate Ground Water Contr:::>l. ·--The effects of stable and 
fluctuating ground water tables on crop yields as related to soil textu re , sa -
linity control, oxygen diffusion in the zone of bw water tension, root distri ·-
bution, and nutrient suppl y and uptake should be determined. 
B. Salt Tolerance of P lants. - - More information is needed on the effec of 
varying salinity within the root zone on plant growth., the physiology of salt 
tolerance by plants, the relation between the l evel of production and apparent 
salt tolerance, and on salinity-.fertility relationships . 
C. Critical P rocesse s and Properties of the Soil - Water - Salt System--The 
development of v ali d working models of transient or dyn amic s ystems will depend 
on additional resea rch studies con erning the following processes and properties 
of the soil - water-salt s ystem : 
1. Cation and anion exchange reactions under non - equilibrium 
conditions. 
2 . Precipitation and solution of salts in and from mo ving s 01.l 
solutions. 
3. Biochemical re a ctions . 
4. Rates and directions of sal and wa er movements due to 
dynamic pressure distribution. 
5. Clay minerals and their behavior under v ariou s levels of 
salinity. 
D . Behavior of Salt-Water - Salt Systems . ·- - There is a need for the development 
of models that c an describe the transmission properties of the soil - water ·-salt 
system as affected by the propertie of soil , soil and w ater management prac -
tices, and by the composition of s alts in t.he soil and in the applied water. 
E. Methods of Measurement . .. -The study of soil , s alt , and water a s a dynamic 
system will require the development of improved instrumentation and better 
methods for measuring the following parameters : 
1. Matric suction and volumetric mOJ sture content a t various 
points in a profile . 
2 . Capillary conductivity as a funct1.0n of volumetric moisture 
content. 
3. Concentration of salts . 
4 . Composition of salts . 
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5. Temperature. 
6. Saturated permeabilities. 
F. Field Evaluation of Model Systems . - - Once suitable laboratory and mathe -
matical models are devised, they must be tested un der field conditions. Two 
aspects are involved: 
1. The development of designs that will test the hypothesis 
embodied in the model; and, 
2. The development of a comprehensive theory based on the 
field results that can be used widely in engineering applic a tions. 
Panel No. 3 - Stable Channels 
A. Establishment within ASCE or other suitable organi zation of an interdisci -
plinary advisory committee to assist with the investigation, direction, and co -
ordination of research efforts on stable channels on a broad scale. 
B. Research is needed t o develop better design criteria in the following specific 
subject areas: 
1. Bed forms and resistance: This needs to be determined for a wider 
range of field and laboratory conditions , a nd the v arious types of bed 
forms need more detailed definition. 
2. Bed material samples: More ac curate and simpler techniques 
need to be developed for sampling bed m aterials- - particularly coarse 
bed materials--both on the surface of the bed and below it . 
3. Bed material pre diction : Size, size distribution, v a riation of size 
and size distribution with depth and origin of bed materials needs to 
be studied and analyzed to make them more predictable . 
4 . Coarse bed materials: Addit ional information is needed on the 
arrangement, rearrangement , configuration; and movement of gravel 
and cobble size bed materials. 
5. Bed material size changes : These changes need to be determined 
for changes i n discharge and different v ariation in size distribution. 
6. Armor plating: The mechanics of a rmor plating needs to be deve-
loped in greater detail. 
7. Degradation: This is a phenomenon which is inadequately under-
stood and needs considerable resea rch to improve the accuracy of design. 
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8. Cohesive bed materials: The effect of cohesive properties on bed 
forms and resistance need greater study. 
9. Wash load : More information is nee ded regarding the effect of wash 
load on the movement of s ediment and design criteria. 
10. Non- uniform flow : The influence of changes in section needs to 
have further study. 
11. Channel Bends : Basic and applied data and information is ne eded 
including flow patterns , bed c haracteristics, and energy loss . 
12. Altered flow patterns : Determinatio:'1 needs to be made on the 
influence of altered flow patterns on chan:iel stability, e . g. , regula -
tion, diversions, accretions , and structures. 
13 . Structures : More refined determina-:ions need to be made on the 
effect of control structures in alluvial channels . 
14. pnsteady flow: Develop predictable criteria for sediment mov ement 
under unsteady flow conditions. 
15 . Channel periphery: The characteristics of the bed material along 
the periphery of natural and artificial channels needs to be determined s o 
as to be predictable. 
16. ~nalysis of sediment : Improved methods a re needed for measure -
ment and analysis of size ., size distribution, shape, and hydraulic 
characteristics. 
17. Laboratory materials : Further study needs to be made on the 
sediment materials which c an best be used for laboratory research. 
18 . Slope measurements : A simpler and more p r ecise method needs 
to be developed for slope measurement. 
19 . Navigation channels : Studies are needed on proper width, depth, 
bed material, and bank material for navigation channels where there 
are large fluctuations in flow. 
20. Sedi ment discharge equatio~s : The basic theory and equations 
need to be improved for sediment discharge . 
21. Influence of turbulence : The role of turbulence in the basic me -
chanic s of flow and sediment discharge in open channels needs to be 
determined. 
22. Secondary circulation: Causes and patterns of secondary circu -
lation need to be defined for more exact design. 
• 
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23 . Rigid channels : The shear distribution, flow pattern, and sediment 
carrying characteristics of flow in rigid channels needs study. 
24 . Geologic and geomorphic influences: The effects of these factors 
need to be determined. 
25 . Environmental influences: Determination needs to be made of the 
influen e of such factors as groundwater cond·t ions (influent or effluent ), 
temperature v ariations, and chemical and bio::.ogic al factors . 
Panel No. 4 - Small, Low - Cost Hydraulic Structures for Conveyance and 
Distribution Systems 
A. Hydraulic Roughness . --Basic , imaginative research is needed to better 
unders t and an d cha r acte rize the effect of roughness on flow. The utilization 
of roughness for energy dissipation and flow control needs further investigation. 
B. Flow Measu rement . - - Research is needed for development of entirely new 
measu rement concepts as well as further investigation in m odifications of older 
methods . 
C . Energy dissipat ion. -·- The dissipation of energy using simple structures 
needs i.niensive study. New and unconventional concepts for dissipation a nd 
conversion of energy sh8uld be investigated . 
D. P ipelrn.es. ·- -·Water hammer, surge, air entrainment, and othe r hydrauli c 
problems , requi re that an intensive research program be i nitiated for design 
of improved p1p eli ne structures and design. 
E. P iping. -·- A b e tter understanding of piping and methods of prevention are 
needed. 
F . C anal Lining and Seepage. --Better and cheaper c anal linings are a con-
tinuing need. Improved methods of seepage measurement must be develop e d . 
G . Construction Methods. - -Development of uses and procedures for construc -
tion using prefabric ated and modular sections are needed. 
H. Materials . - - The use of new materials which show promise of lowered 
c osts and/ or more satisfactory structural or hydraulic properties needs 
more investigation. Standards and specifications for these materials are 
needed. 
I. Codes and Standards for Small Hydraulic Structures . - - The concept of a 
" c alcul a te d risk" applied to small structures will result in a more economical 
design . This requires a re-evaluation of allowable stresses and recommended 
factors of safety. 
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J. System Design. - -The entire farm irrigation system design needs intensive 
study and design improvement. Consideratior_s include labor saving and better 
application efficiency through automation, better structures , and methods of water 
application. 
K . Specifi Problems . ·- ·-Specific items needing further study and development 
i nc lude : Turnouts , meter gates, flow measuring devices , trapezoidal structures, 
si de channel weirs ., siphons and regulations , stilling basins and wells, transi -
tions , bank erosion control, wave suppressers, seepage measuring devices, 
c anal sealants , sediment control devices, moss and / or weed elimination devices , 
au tomatic flow control s , and rescue and safety devices. 
P a n el No . 5 ·- Weather Modification 
B ec ause of the importance of water supply to the United States, a long- range 
p r ogram related to development of an engineering app roa ch to the problem of 
ext racting increased amounts of water from the clouds is recommended. Such 
an approach will require the multi-disciplinary efforts of engineers , scientists , 
lawyers _. politicians and the various other pro:::essions concerned. Changes i n 
weather due to seeding are small relative to natural v a ri ations and are therefore 
di ff1cult to detect, nevertheless small changes in p recipitation can be of con -· 
s1derable economic significance. 
Umform laws should be developed for regulati::1.g cloud-seeding operations to 
p r ot ect the public , but in such a way that research is not handicapped. Any 
p r ogram of applied weather modification will require 1he understanding and 
support of the general public ; therefore, an improved public information pro --
g ram is strongly rec ommended. 
ASCE should arrange for a meeting in the . i mmediate future of all interested 
gr oups and individuals to assess the problems of weather modification and 
t ake whatever continuing action seems desirable to further the objective of 
p r a ctical weather modification to increase water supply. 
Sp ecific research items recommended are : 
1. Further study of physical properties of ice , a nd ice forming 
processes. 
2 . Condensation and growth of raindrops by coalescence (warm 
cloud process) . Computer models of this process need to be de-
veloped as a prelude to field testing . 
3. Action of natural and artificial ice-forming nuclei , search for 
new artificial nuclei and new and improved seeding techniques. 
4 . Investigate condensation nuclei for both warm and cold clouds. 
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5. Study electrification phenomena. 
6. Development of techniques for tracing or predicting the drift and 
diffusion of cloud-seeding nucleant and the re su~t ant precipitation 
particles . 
7. Development of instrumentation systems for observing operations . 
8. Seeding of stratifi ed clouds. The supercooled stratus cloud is 
the next most complex step above the laboratory. 
9. Seeding of warm-season convective clouds. Most of the rainfall 
of the humid east originates from clouds of this t ype which also con-
tribute to precipitation regimes of orographic cloud systems. Apparently 
the warm- rain mechanism dominates. However, subsequent freezing 
and splintering indicates reduced potential for r ain inducement, but 
improved prospects br hail suppression. 
10. Meso-scale structure and its role in weather modification- - -
especially winter storms , particularly in orographic areas . 
11. Wi nd patterns studies and seeding trials of orographic winter 
sto rms in mountain areas . 
• P anel No. 6 - Ground Water Management 
A. Legal, L egi slative a nd Organizational. - -Investigate existing law and develop 
an adequate body of law u:1der which the jurisdiction and powers of an organization 
best suited to administe r areal ground water activities can be established to 
further optimum economic and social benefits in proper relationship with existing 
a gencies. 
B . Economic . --Determine the economic effects of alternative methods of or-
ganizing and operating integrated surface water and ground water systems in 
terms of both quantity and quality . 
C. Hydrology and Storage Capacity of Ground Water Reservoirs . - - Improve 
methods of dete rmining and estimating hydrologic properties of aquifers and 
aquitards, geophysical tools, understanding of inter-relations between surface 
and ground water, and knowledge of c hanges in hydrologi c prop rties with time 
and applied stresses . 
D. Quality Control. - -Develop : 
1. Models for computer analysis evaluation of quality c hanges due 
to increasing water use and associated economic effects. 
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2. A concept of the input-ot:.tput ratio of quality depressants in 
specific basins. 
3. Procedure s for optimum use of c apac ity of the soil mantle 
and cover for quality improvement. 
4. Analytic al methods for detecting a nd evaluating new chemical 
pollutants; and collect, correlate and evaluate current data on a 
continuing basis for interpretation in relation to plans for optimum 
management. 
E. Recharge. --Develop improved methods of operation and maintenance 
of facilities through better understanding of pertinent factors involving 
sedimentation, chemical and biological a ctivity, intermittent saturation, 
multi-purpose use of land, improvement of physical and chemical charac-
teristics of water and soil , and economically feasible a r tificial geophysic al 
structural modifications. 
Summary of Critique Questionnaire Comments 
Near the end of the conference , a qu es tionnaire was prepared with the help of the 
ASCE R esearch Manager and w as circulated among the participants to obtain their 
evaluation of the conference. About 50 questionnaires were completed. We hope the 
results of the questionnaire will be useful in planning and conducting future activities. 
The comments obtained were summarized as follows : 
Qu estion 1. "What is your opinion in regard to the time, effort, expense 
(both individual a nd organizational) that had to go into this 
Conference VS the results of the Conference as you see it?" 
Most of the comments were something in the nature of : Well worthwhile bot h 
personally to the participant as well as to e mployers and others . Many stated t he final 
report would be very important as far as lasting v alue of the Conference was concerned. 
Some suggested the Conference would have ac complished more if the panel members 
had advance preparation. (Note: Several efforts were made to promote advance ex-
change of information without much success. It seemed as though the Conference its elf 
was needed to stimulate the desired cross exchange of ideas . ) A few felt that the initial 
session was too long and some of the time would have been better spent with the panels 
in session, even though the prepared talks were excellent . (Note : Ge nerally the progran 
committee agreed but this was not evident during the planni ng stage. ) 
Que stion 2. "What ar e your comments on the program structure (i. e. number 
of sessions, type of sessions, time allotted to each phas e, number 
of panels , panel subjects , panel participants, observers, etc. )? " 
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The need for prior prepa ration was mentioned several times. The initial session 
was criticized as being too long. More time was suggested although many stated that 
added time would have unjustifiably extended the Conference. Some suggested that 
merely more time in the pane~s and less in the joint sessions was the answer. The 
Committee recognizes that the first reporting session may have seemed to be super-
fluous, but it believes that thi.s session still has value in forcing the chairman of each 
panel to bring ideas into an early summary form in order to have the ideas in the best 
possible final form by the end of the conference. 
Question 3. "It was hoped that the Conference would stimulate new 
thinking a nd free discussion . Has this been accomplished 
and what a re the things that have helped or hindered these 
objectives?" 
Most answers indicated that free discussion was ac : omplish ed but many questioned 
whether there was enough time to really have obtained new idea.s. One more day or 
session s eemed to be needed for new thinking on old problems . The Conference seemed 
to accomplish good statements of the problem . More effort was needed following the 
Conference or at later conferences that would stimulate new ideas. 
Question 4. "In what ways do you think this conference has been or will 
be worthwhile?" 
'' (a) To the field of irrigation and drainage? ·, 
The answers varied considerably, but all noted some form of benefit. The range 
covered stimulation of new research development, better understanding, crystallized 
thinking in several areas , justification for financial support of new research, show 
what can be done as well a s what cannot be done , and develop increased contact 
between researchers. 
" (b) To you personally?" 
To many it was valuable in the planning of future programs to avoid duplication 
a nd work on m ore signific ant problems . Better under:::tanding of other points of 
view were gained. It was a good opportunity to test ideas for new work. 
Question 5. "What a re your comments on the general arrangements 
and local arrangements for the Conference (logistics , 
etc. ) ? If you are not satisfied, how may specific items 
have been handled better?" 
Everyone was pleased with arrangement s . The only real comments were on 




"In addition to publication of the p roceedings , what 
a re other things that might be done as foll ow up to 
m a ke best use of the Confe renc e results ? " 
Rec ommendations were for ASCE and others to encourage research in the 
directions indic ated by the panels , find people and a gencies to do the re search, 
encourage other meetings to follow up on recommendations being m ade, publish 
and publicize the re sults , continually point out the ~deas developed, formulate 
specific programs and c arry them out, bring the report to the attention of other 
organizations including thos e outside of the engineering profession. B y far, 
follow-up meetings were f avored to keep the ideas a ctive and growing. 
Question 7 . " The Research Committee of the Irrigation and 
Drainage Division has been considering w a y s of 
keeping the profession better informed (currently, 
systematically, and in brief and concise form) 
rega rding: 
"( a) Current and new re s e a rch on subjects 
related to I rrigation a nd Drainage. 
" (b ) Recent public a tions on s ubject s related 
to I rrigation and Dr a ina ge. 
"What are your comments on the usefulness of 
s uc h information if it is truly b_ i ef and concis e 
and yet with enough detail to enable you to decide 
whether you want to see or study the (a) research 
or (b) public ation in greater detail? What form 
might this information take? 11 
Abs tract s ervice s were commented on very fa·✓orably to b e obtained either 
separately or in s ome type of publication form. Most felt such a s ervic e would 
be very v aluable to resea rchers in particular. A s ub s cription s ervice might 
also be provided for intereste d partie s only. A s e l ective di ss emin ation s ystem 
was preferred. 
Special report s , reviews, or s ummaries we re suggested by sever al, either 
in review series or in a form such as periodic annotat ed biblio graphi e s . 
Several answers sugge s ted that opportunities be provided for informal exchange 
of ideas in brief published form or in open discussion sessions at conferences. 
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Conc.:lus ions 
The following conclusions are those of the writer which have been gleaned from 
consideration of the various comments , suggestions, and recommendations of the 
speakers and panels of the conference . 
1. Additional specialized conferences, workshops, and follow-up m eetings 
must be held on subjects of limited scope with small groups of experts from 
varfous disciplines concerned with the subject in que s ti on. These should b e 
stimulated b y the Executive Committee of the Irrigation and Drainage Divis i on, 
as well as the Research Committee of ASCE and the Secretariat of ASCE in 
New York. 
2. Spe ial task forces need to be established to develop standard te rminology, 
to develop standard specifications a nd criteria for c.esign and operation, and 
to delineate a nd recommend specific subjects needing research . 
3. Specific plans need to b e developed and established for bringing the prac-
ticing engineer up to date on new developments . 
4 . Summaries of current research in progress in irrigation and d ~ainage 
need to be published to help keep the profession informed . 
5. Public information programs ne e d to be developed s o that t h e pub l ic will 
havP. a better unde rstanding and a greater app eci at ·on for the work of the 
engineer . 
6 . New instruments and instrumentation centers ne e d to b e deve oped. 
7. Data processing cente r s nee d to be developed for specific use of those in 
irrigation and drainage research and study. 
8 . A more specific interdis ciplinary approach nee ds to b e developed on 
research and study in the field of irrigation and drainage. 
9. The civil engineering profession must give str ng and continual support 
to the education and training of engineers for research, design , and ope rations 
to make th e necessary progre ss on the many complex problem s which c onfront 
the civil engineer. 
10 . Crash programs and sharp variations in the level of support for research 
and study are bound to lead to inefficient yields in te rms of results . The 
maximum yield will result from c ontinued efforts even if they are modest in 
extent. 
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11. A s eries f R esear h Councils of an interdisciplinary nature need to be 
establi.shed ithi.n the s ructur e of ASCE in accordance with the administrative 
p r ovis ions for. e s tabl '. sh ·ng Re search Councils adopted in O ctober, 1959 by 
the Boar d of Direction of ASCE . The following are examples of specific 
R esearch Cmin c1J s h ch d tc_, be e stablished to focus on a specific research 
topj c to m eet the ee s for a co rdinated and interdisciplinary approach to 
research, s tudy, a nd action: 
a . A R esearch Coun i1 on instrumentation and data processing. 
b . A R es~arch Co nc1l on the inte racti ons of soil, water, plants, 
and climate. 
c. A R esea ",~h CcunciJ on small, low-cost hydraulic structures . 
d . A R esearrh Cu -1.nc 1! on eather modification. 




Thi s onferenc e represents many hours of thought and effor t on the part of a 
multitude of individuals, without which the conference w ould not have b een poss ib l e . 
The R esearch Committee of th e Irrigati on and Drainage Divis i on, ho had the imme-
diate responsibility of developing the conference , is deeply indebted to the 
following indivi duals and organizations: Each of the pan e lists who devoted valuable 
time away from his employment for the success of the :onference ; to the panel chair-
men, vice -chai r men and re corders who carried out their pre ·-confe rence a nd p ost -
conference assignments with enthusiasm and promptn ess ; to the guest spes.kers for 
their careful presentation of ideas and information on their ass i gned top · c s ; to t he 
many organi zations and emp ayers who willingly endorsed the attendance of the 
participants at the conference ; to those who skillfully presided over the ccnference 
sess ions and social events , t o Utah State University fo r p roviding the necessary 
facilities , staff and other assistants in their role as host for the c nference ; to the 
Bureau of R e c lamation and the National Science Foundation or providing the financial 
and other support necessary to conduct the conference and insure tha the bes t t alent 
a vailable could be obtained for the conference; to the local arrangements committee 
at Utah State Univers ity for their ti reless efforts in accommodati ng the m ultitude of 
nePds of the conferees ; to the Utah Section of ASCE for their cooperating in co -
sp nso:::-ing the main conference banquet ; and to the ASCE staff or thefr continuing 
a dvice a nd support. 
Spec ifi cally, Don P . R eynolds, Assistant E xecutive Secretary of ASCE, was 
.~ very helpful i n the initial concepts and planning of the Conference. Dona]d C . T a lor, 
R esearch M an.ager of ASCE, as especially helpful an through th e deveJopm ent of 
the Conference, the conduct of it, and the writing of the report -· ·- h i s tireless efforts 
are m ost a ppreciated. 
E ach of the members of the R esearch Committee of the Irnga i n and Drainage 
Division gave free ly of his time in all stages of development and condu ct of the 
Conference . A . R . Robins on and C. W . Thomas, Vice- Chairman and Secretary of 
he R esearch Committee respectively, spent endless hours th r oughout- - especi ally 
in the . riting of the report . 
F i nally, I speak for all m embers of the Research C ommittee in expressing 
appreciation to the Executive Committee of the Irriga: ion and Drainage Division, under 
the successive chairmanships of Nephi A. Christensen, Herbert E . P rater, and Pau l 
H . B erg, for their cooperation, en couragement, interest and he lp in the deve l opment 
a.nd conduct of the Confe rence. 
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Ros ter 
Executive Committee of the Irrigation and Drainage Divi s i on 
Paul H . Berg, Chairman 
William W. Donnan 
Dean F . PE!terson, Jr. 
Harold A . . Scott 
Leland J. Walker 
Carl R . Wilder 
Herbert E . Prater, Past Chairman 
Nephi A , Christensen, Past Chairman 
R esearch Committee of the Irrigation and Drainage Division (Program 
P]anning Committee) 
M aurice L . Albertson, Chairman 
A . R . Robinson, Jr. 
Char]es W . Thomas 
Dean F . Peterson, Jr. 
Robert L . Hardman 
Dell G. Shockley 
Local Arrangements Committee 
C lvin G . Clyde, Co-Chairman 
J . E . Christiansen, Co-Chairman 
Mrs . A. A lvin Bishop 
CaJvin G . Clyde 
Don Chery 
M . K . Jeppesen 
Fred Keifer 
A. A. Bishop 
Jack Kelle r 
B ruce H . Anderson 
Jay M . Bagley 
E . C . Olson 
P anels 
No . 1 - Evaporation from Water and Soil 
G . Earl Harbeck, Jr., Chairman 
Jac k E . Cermak, Vice -Chairman 
Bruce H . Anderson, Recorder 
C . B rent Cluff 
Walter U. Garstka 
Vaughn E . Hansen 
T . E . A. van Hylc kama 
Rolland F . Kaser 
Tor J . Nordenson 
Wyndham J . Roberts 
No. 2 - Salinity and Alkali P roblems 
C . Dawson Moodie, Cha i r man 
R . C . R eeve, Vice-Chai r man 
L yman S. Willardson, R ecorde r 
Norman A. Evans 
Clyde E . Houston 
No. 3 - Stable Channels 
D . B . Simons, Chairman 
Carl Mille r, Vice-Chairman 
Gor don Flammer, R e corder 
Thomas Blench 
D . C . Bondurant 
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C. R . Maierhofer 
John Mal e ti c 
Donald R . Niel son 
Wynne Thorne 
W. M . B rland 
H . A. E instei n 
Olin Kalmbach 
Gerald L acey 
Vito A . Van oni 
No . 4 - Small, Low - cost Hydra ulic Structures fo r Conve yance a nd 
Di stribution Systems 
John T . Phelan, Chairman 
G . V. Skogerboe, R ecorder 
G . W . B irch 
F r ed Blaisdell 
G . L . Corey 
B enson Kelly 
No . 5 - Weather M odi ficati on 
Robert D. E lliott, Chairma n 
Vincent J . Schaefer, Vice ·-Chairman 
Joel L . Fletcher, R ecorder 
J ohn C. Bellamy 
Roscoe R . Braham, J r . 
Lyle D . Calvin 
Quentin L. Florey 
No. 6 - Ground-water M anagement 
Harvey 0 . Banks, Chairman 
A . E . Bruington, Vi ce-Chairman 
J. P . Riley, Re corder 
C . S. Conover 
J . H . Krieger 
P . H . McGauhey 
A. J. P terka 
A. F . P illsb· ry 
Tyler Quackenbush 
D. G. Shock ey 
C . W . Th m a s 
C. R . Wilde r 
Paul B . M c c r e a dy, Jr. 
Wendell A. Mor dy 
Edward A. M orri s 
Ri cha r d A. Schl eu sener 
Patrick Squires 
Pierre St. Amand 
S. E. R eynolds 
Leonard Schiff 
Ste phen Smith 
William Tapp 
J. E . Upson 
Obiectives: 
The objectives of the Conference are to 
delineate cmd stimulate high-quality re-
search needed in selected subject areas 
in order to advance the status of know-
ledge and thereby improve the quality of 
engineering in the planning, design, 
operation and maintenance of irrigation 
and drainage systems. 
Six panel sessions are planned for the 
Conference to discuss- the following sub-
jects: (1) Evaporation from Water and 
Soil; (2) Salinity and Alkali Problems; 
(3) Stable Channels; (4) Sm~. Low-Cost 
Hydraulic Structures for Conveyance and 
Distribution Systems; (5) Weather Modifi-
cation; and, (6) Ground-Water Manage-
ment. 
In each panel the following questions 
will be investigated: (1) Why is the s-elec-
ted subject important? (2) Where do we 
stand in this field at present? (3) Where 
are the defir.iencies of knowledge and 
practice? and ( 4) What direction does 
research need to take on this subject in 
order to advance most signifioantly the 
status- of knowledge and practice? 
As a result of the Conference, a report 
of the deliberations will be prepared, 
published and distributed for reference 
of scientists, engineers, and others con-
cerned with irrigation and drainage re-
search. 
Program Planning Committee: 
M. L Albertson, Chairman 
A. R. Robinson, Jr., Vice Chairman 
Charles W . Thomas, Secretary 
Dean F. Peterson, Jr. 
Robert L Hardman 
Dell G. Shockley 
Herbert Prater 
Local Arrangements Committee: 
Calvin G. Clyde l Ch . 
J. E. Christiansen, r amnen 
Mrs. A. Alvin Bishop, Ladies' Activities 
Calvin G. Clyde, Motels and Hotels 
Don Chery, Transportation 
M. K. Jeppesen, Budget and rmances 
Fred Keifer, Registration 
A. A. Bishop ~ 
Jack: Keller . . 
Bruce H. Anderson Dining Arrangements 
Jay M. Bagley 
E. C. Olson, Press and Photography 
PROGRAM 
Thursday, March 19, 1964 












Cafeteria - Union Building 
Breakfast 
Lobby of Engineering and Physical 
Science Building - Registration 
Engineering Auditorium 
Opening Session - Presiding, Dr. 
Vaughn E. Hansen, . 
Director of Engineering Experilp.ent 
Station, Utah State University. 
Opening Remarks-Milton R. Merrill, 
Vice Preeidef\t, Utah Ste-rte Univer-
sity. 
"The Overall Importance of Irriga-
tion and Drainage Both Nation-
ally cmd Internationally," 
Floyd E. Dominy, 
Commissioner of Recl=ation. 
"Need for New cmd Creative Re-
search in Irrigation cmd Drain-
age," T. W . Edminster, 
Associate Director; Agricultural Re-
search Service, Soil and Water 
Conservation Research Division. 
"Charge of Responsibility to the 
Panels," Maurice L. Albertson, 
Director, Office of International Pro-
grmn.o, Colorado StntA University, 
and Chairman, Comittee on Re-
search Irrigation and Drainage 
Division, ASCE. 
Panel Meeting Rooms 
Organization Session for Each of 
the Six Panels. 
Panel No. I - "Evaporation from 
Water cmd Soil Surfaces,'' 
Room L-241. 
G . Earl Harbeck, Chairman; 
Bruce H. Anderson, Recorder. 
Panel No. 2 - "Salinity and Alkali 
Problems," 
Room L-245. 
Milton Fireman, Chairman; 






Panel No. 3 - "Stable Channels," 
Room L-247. 
Daryl B. Simons, Chairman; 
Gordon Flammer, Recorder. 
Panel No. 4 - "Small, Low-Cost 
Hydraulic Structures for Con-
veyance and Distribution Sys-
tems," 
Room L-259. 
John T. Phelan, Chairman; 
Gaylord Skogerboe, Recorder. 
Panel No. 5 - "Weather Modifica-
tion." 
Room L-290. 
Robert D. Elliott, Chairman; 
Joel Fletcher, Recorder. 
Panel No. 6 - "Ground-Water Man-
agement," 
Room L-292. 
Harvey 0. Bcmks, Chairman; 
Paul Riley, Recorder. 
"12:15 p.m. Cafeteria - Union Building 
Luncheon - Toastmaster, Dr. Gor-
don H. Flammer, 
Associate Professor of Civil and 
Irrigation Engineering, Utah State 
University. 
"Need for Cooperative Effort and 
Coordination,'' William C. Ack-
ermann, 
Office of Science and Technology, 
Executive Office of the Presiden t. 
2:00 p.m. Panel Meeting Rooms 
to 
5:00 p.m. Panel Discussions. 
"5:30 p.m. Logan Country Club 
to 
6:30 p.m. Social Hour 
"6:45 p.m. Union Building 
to 
7:30 p.m. Informal Buffet 
8:00 p.m. Panel Meeting Rooms 
Work Session ~if needed) 
PROGRAM 







Cafeteria, Union Building 
Breakfast 
Panel Meeting Rooms 
Panel Discussions and Prepara-











Cafeteria. Union Building 
Breakfast 
Panel Meeting Rooms 
Panel Discussion and Prepara-
tion of Final Reports. 
*12:30 p.m. Cafeteria, Union Building 











Presentation of Preliminary 
Progress Reports and Open 
Discussion in Interdisciplinary 
Topics, PrP.siding, William W. 
Donnan, 
Branch Chief, Agricultural Research 
Service, and Vice Chairman, Execu-
tive Committee, Irrigation and 
Drainage Division, ASCE. 
Logan Country Club 
Social Hour 
Union Building 
Dinner - Toastmaster, Dr. A. 
Alvin Bishop, 
Professor of Civil and Irrigation 
Engineering, Utah State University. 
"Half a Century of Research in the 
Field of Irrigation and Drain-
age," George D. Clyde, 







Presiding, Paul H. Berg, 
Assistant Director, Region 7. USSR. 
and Chairman, Executive Commit-
tee, Irrigation and Drainage Divi-
sion, ASCE. 
Submission of Final Reports of 
Panels and Discussion - Panel 
Chairmen. 
Closing Remarks, 
• Public Sessions. 
Coffee will be available each forenoon and after-
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